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ABSTRACT 

Group B Streptococcus (GBS) is the most common cause of life-threatening infection in neonates. 
Guidelines from CDC recommend universal screening of pregnant women for rectovaginal GBS 
colonization. The objective of this study was to compare the performance of a combined enrichment/PCR 
based method targeting the atr gene in relation to culture using enrichment with selective broth medium 
(standard method) to identify the presence of GBS in pregnant women. Rectovaginal GBS samples from 
women at >36 weeks of pregnancy were obtained with a swab and analyzed by the two methods. A total of 
89 samples were evaluated. The prevalence of positive results for GBS detection was considerable higher 
when assessed by the combined enrichment/PCR method than with the standard method (35.9% versus 
22.5%, respectively). The results demonstrated that the use of selective enrichment broth followed by PCR 
targeting the atr gene is a highly sensitive, specific and accurate test for GBS screening in pregnant women, 
allowing the detection of the bacteria even in lightly colonized patients. This PCR methodology may provide 
a useful diagnostic tool for GBS detection and contributes for a more accurate and effective intrapartum 
antibiotic and lower newborn mortality and morbidity. 
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INTRODUCTION 

Streptococcus agalactiae, also known as Group B 
Streptococcus (GBS), is associated to severe invasive disease 
in newborns. In fact, GBS is considered as one of the major 
causes of neonatal meningitis and sepsis (31). 



It is estimated that 5 to 40% of all pregnant women may 
present rectovaginal colonization with GBS, most of which are 
asymptomatic (28) or associated with acute chorioamnionitis, 
endometritis, and urinary tract infection (32). Moreover, even 
just colonized or asymptomatic, pregnant women may transmit 
GBS to their newborns during labor and this may constitute 
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the first step for invasive disease in the first week of life (10). 

The incidence of GBS neonatal infection was 1.4 per 1000 
Uve births in USA in 1990 (10, 32, 40). Coinciding with active 
prevention efforts in the 1990s, the incidence of early-onset 
disease decUned to 0.5 cases per 1,000 live births in 1999 (10, 
24). In Brazil, few studies address early neonatal infection by 
GBS. The prevalence of GBS infection among neonates varied 
between 1.1 and 1.4 cases per 1,000 live births, in Porto Alegre 
(21) and Campinas (23), respectively. A recent study in a 
maternity hospital from Manaus (AM, Brazil) showed that the 
main microorganism isolated in blood cultures of newborns 
with early-onset sepsis was S. agalactiae (25). 

Clinical syndromes of GBS disease in newborns include 
sepsis, meningitis, pneumonia, cellulitis, osteomyelitis, and 
septic arthritis. Bloodstream infections, with or without 
pneumonia, are the main manifestation of neonatal GBS 
disease and are observed in approximately 90% of cases, while 
meningitis occurs in around 10% (10, 31). Other symptoms 
reported among older children include endocarditis (2, 34) and 
epiglottitis (38). 

In addition to mother colonization, other maternal risk 
factors Uke preterm delivery, prolonged rupture of membranes 
(>18 hours), intrapartum temperature of at least 38° C, or prior 
infant with GBS infection predispose a neonate to early-onset 
GBS contamination (3, 32). 

Currently, the most effective strategy for reducing early- 
onset GBS infection is prenatal maternal diagnosis of 
rectovaginal GBS colonization between the 35th to 37th weeks 
of gestation, followed by chemoprophylaxis (3, 10, 37). The 
guidelines recommended by The Centers for Disease Control 
and Prevention (CDC) and The American College of 
Obstetricians and Gynecologists (ACOG) includes: (i) the 
sampling of the vaginal and anorectal regions with the aid of a 
swab which is submitted to bacteriological culture usually into 
selective broth medium (enrichment culture) followed by 
subculture onto sheep blood agar plates (1,3, 10), and (ii) the 
intrapartum chemoprophylaxis for those pregnant women with: 



positive maternal GBS screening, positive GBS urine culture 
during the current pregnancy, and a previous infant who had 
GBS infection (10). An oral chemoprophylaxis approach with 
antibiotics is not recommended because it is unlikely to 
eradicate maternal genital GBS colonization (13, 14, 29). 
However, although the laboratory methods for the 
identification of GBS have evolved, there remains a cUnical 
need for greater accuracy, particularly in the case of 
asymptomatic colonization with low GBS charge (4, 15). 

The aim of this study was to develop a highly sensitive 
and specific molecular method to evaluate GBS colonization in 
pregnant women. The proposed method combines a short 
enrichment culture followed by the amplification and detection 
of the atr gene with GBS specific primers. 

MATERIALS AND METHODS 

Patients and samples 

The study was performed in 89 pregnant women (>36 
weeks of pregnancy) who attended the primary health care imit 
at an university hospital of Rio Grande do Sul State, Brazil, 
from April 2006 to May 2007. These 89 samples correspond to 
all medical requests for GBS search in the hospital service of 
obstetric primary care during this period. 
Specimens of combined vaginal and anal secretions were 
collected using the technique reconmiended by the CDC (10), 
the STARD (9). Briefly, the vagina and the anus were sampled, 
and the swabs were immediately soaked into the Stuart's 
transport medium. 

Bacterial Enricliment Culture 

The swabs were transferred into 2 mL of BHl enrichment 
broth (BHl-E) supplemented with peptone 3 (2 g/L), 
gentamicin (8 (xg/mL) and nalidixic acid (15 ng/mL) to foUow 
the microbiological identification as recommended by the CDC 
(10), and incubated at 36°C for 18-24 hours. 

Microbiological method for the identification of GBS 

Enriched cultures were plated onto sheep blood agar plates 
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(BioMerieux, Marcy L'Etoile, France), incubated at 36°C for 

24 hours and inspected for characteristic GBS colonies. 
Whether these colonies were not identified, the plates were 
reincubated for another 24 hours and inspected again. When 
suspected colonies were present, they were subcultured in 
thioglycolate broth for 12 hours and then submitted to Gram 
stain. Colonies with Gram-positive cocci arranged in pairs and 
chains were submitted to CAMP test (Christie, Atkins, Munch- 
Petersen). The specimens positive for the CAMP test were 
considered presumptive GBS (10). 

Identification of GBS by PGR Amplification 

The enriched cultures were centrifuged and the pellets 
were washed with PBS buffer, and then incubated with 500 \iL 
of LiCl 5M for 30 minutes at room temperature. DNA- 
extraction was performed with the kit Wizard® Genomic DNA 
Purification (Promega corp, Madisson, WI, USA) according to 
the manufacturer's instructions. The purified DNA was 
resuspended to a final volume of lOOnL. 

The PCR reactions were carried out using GBS specific 
primers atrF (5'-CGATTCTCTCAGCTTTGTTA-3') and atrS. 
(5'-AAGAAATCTCTTGTGCGGAT-3'), that amplified a 
779bp sequence of the atr gene, responsible for the glutamine 
transporter protein (gbs0538) of S. agalactiae. This 
housekeeping gene and the corresponding primers were 
selected from the S. agalactiae Multi Locus Sequence Typing 
(MLST) website - http://pubmlst.org/sagalactiae/ (16, 17, 36). 

PCR amplifications were performed in a total volume of 

25 ^l containing: 0.2 mM of dNTPs (ABgene®, Epson, UK); 
0.4 |aM of each afr-primer; Ix PCR buffer with 1.5 mM of 
MgClz (JMR Holdings, London, UK); 1.0 U of Super-Therm 
DNA polimerase (JMR Holdings, London, UK); 2 |aL of 
bacterial DNA (non-quantified). The amphfications were 
conducted on a MJ Research Thermocycler (Model PTC- 100) 
with the following program: (i) 94°C for 1 minute, (ii) 30 
cycles of 1 minute at 94°C, 45 seconds at 55°C, and 1 minute 
at 72°C, and (iii)lO minutes at 72°C. Subsequently, 10 nL of 
the amphfied reaction were separated by electrophoresis in 2% 



agarose gels, and the amplicons visuahzed under UV light after 
ethidium bromide staining. The samples that exhibited a 779 bp 
amphcon were considered positive for GBS. Purified GBS 
genomic DNA obtained fi-om a chnical isolate was used as a 
positive control in all sets of PCR amplifications. This isolate 
came from a patient with neonatal sepsis and was properly 
characterized by microbiological techniques and molecular 
characterization of the gene coding for 16S ribosomal RNA 
(16S rRNA) and atr gene by DNA sequencing. 

Each step of the procedure (DNA extraction, amplification 
and detection) was carried out in a distinct area of laboratory 
with required safeguards for molecular biology tests. All 
positive results in PCR were retested to assure the positivity. 

Molecular Characterization of GBS genomic DNA 

In order to confirm the specificity of GBS air-primers, 
purified genomic DNA from S. agalactiae ATCC 12403 was 
amphfied by PCR and the amplicon obtained was sequenced 
by the chain terminators method (Amersham Biosciences ET 
Terminator Kit) using MegaBACE 1000, following the 
manufacturer's protocols. The atr gene is a housekeeping gene 
and its DNA sequence obtained was compared to all known 
sequences in GenBank using the Basic Local Ahgrmient Search 
Tool (BLAST) of National Center for Biotechnology 
Information, Bethesda, MD. 

Specificity Assay for the atr-primers 

Purified genomic DNA was obtained from cultures of 
clinical isolates of Staphylococcus aureus. Staphylococcus 
epidermidis, Acinetobacter sp., Serratia sp., Salmonella sp., 
Proteus mirabillis, Citrobacter sp., and Morganella morganii, 
and submitted to PCR amplification with the afr-primers. 
Additionally, genomic DNA were obtained from cultures of 
cUnical isolates of Streptococcus pyogenes. Streptococcus 
uteris, Enterococcus faecalis and Escherichia coli, and noixed 
with and without S. agalactiae DNA. The nnixtures were 
subsequently submitted to PCR amplification with the atr- 
primers. 
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Statistical Analysis 

Sensitivity, specificity, and positive and negative 
predictive values along with their 95% confidence intervals 
were calculated for the combined culture PCR method, using 
the conventional microbiological method recommended by 
CDC, as standard. Kappa coefficient was used to evaluate the 
agreement between the methods (33). The statistical analysis 
was performed using SPSS® V.12. 

RESULTS 

Specificity of the atr-primers for GBS identification 

In a first approach, the afr-primers were submitted to a 
primer-BLAST test against all the sequences deposited at 
GenBank, EMBL, DDBJ and PDB. The results showed just 
three in sihco amplicons, all of them concerning the amino acid 
ABC transporter ATP -binding protein of S. agalactiae (atr 
gene) and with the expected 779bp length. 

To experimentally evaluate the specificity of afr-primers, 
779bp PCR amplicon obtained from S. agalactiae ATCC 
12403 was sequenced and compared with the overall 



information deposited at the GenBank. This amplicon showed 
a 100% identity with the S. agalactiae atr sequences, 
followed by 78% identity with 5. ^m/s afr sequences (3 e"'''). 

In order to confirm the specificity of the PCR test in the 
presence of other bacteria two tests were performed. In the first 
test, DNA from two species of Streptococcus (S. pyogenes and 
S. uteris), Enterococcus faecalis, and E. coli, were mixed and 
submitted to PCR amplification. No amplicons were detected 
in this sample, but when S. agalactiae DNA was included in 
the mixture the expected amplicon (779bp) was obtained 
(Figure l.A). 

In a second experiment, DNA from clinical isolates of 
eight bacterial species currently found in vaginal and rectal 
samples {S. aureus, S. epidermidis, Acinetobacter sp., Serratia 
sp.. Salmonella sp., P. mirabilis, Citrobacter sp., and M. 
morganii) were submitted to PCR amplification using the afr- 
primers, showing PCR negative results (Figure l.B). 

These results indicate that the afr-primers designed are 
highly specific for S. agalactiae, and that the presence of other 
bacterial DNA did not interfere with afr-PCR amplification. 
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Figure 1. Results for PCR assay with the afr-primers to the mix of DNA with and without S. agalactiae (A) and for the cultures of 
clinical isolates (B). Lane M- 100-bp molecular-size standard. Lane W/0- mix of DNA without S. agalactiae. Lane W- mix of 
DNA with S. agalactiae. Lane 1- Proteus mirabillis. Lane 2- S. agalactiae. Lane 3- Staphylococcus aureus. Lane 4- 
Staphylococcus epidermidis. Lane 5- Acinetobacter sp. Lane 6- Serratia sp. Lane 7- Salmonella sp. Lane 8- Morganella morganii. 
Lane 9- Citrobacter sp. 
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Performance of PCR for GBS detection 

A total of 89 pregnant women were screened for GBS 
colonization using the traditional enrichment/culture method, 
and the combined enrichment-PCR based procedure (PCR) 
proposed in this work. A total of 32 patients (35.9%) were 
identified as carriers of GBS on the basis of PCR results, as 
compared with just 20 patients (22.5%) on the basis of the 
traditional enrichment/culture method. 

All positive samples according to the culture methods 
were also positive by the PCR technique, indicating that the 
sensitivity of the PCR assay was 100%. The highest number of 
positive samples detected by the PCR method can be attributed 
to its high accuracy, as it is able to detect as low as 1-2 bacteria 



per (iL, been particularly interesting for the diagnosis of 
asymptomatic and lightly charged GBS patients. 

Among the 69 culture-negative samples for GBS, 12 were 
positive by PCR and 57 were negative in both methods. 
Considering the culture method as gold standard, the 
enrichment/PCR method showed a specificity of 82.6% (Figure 
2), and positive and negative predictive values of 62.5% and 
100%, for the enrichment/culture and the PCR methods, 
respectively. Moreover, the index of agreement (Kappa) 
between the techniques was 0.68. This apparent lower 
specificity is associated to the higher sensibihty of PCR, and 
not to a lower "specificity" of this technique. 
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Figure 2. Flow diagram of the diagnostic accuracy study of a PCR assay to identify the presence of GBS in pregnant women. 
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DISCUSSION 

The aim of this study was to develop a more accurate and 
faster screening test for GBS than the standard culture method. 
We compared two GBS identification screening methods in 
pregnant women: enrichment culture (as reconmiended by 
CDC) (10) and a combined enrichment/PCR method. 

Nowadays, as recommended by CDC, the standard 
method for the diagnosis of GBS in pregnant women consists 
of vaginal and anal sampling, enrichment in selective broth, 
and colony identification by routine microbiological methods 
(10, 19). Alternatively, immunological tests have been 
developed for GBS detection during labor in an effort to 
optimize specific intrapartum antibiotic prophylaxis. However, 
these antigen-based tests are neither sensitive nor specific 
enough to substitute routine bacterial culture methods, 
especially in lightly colonized patients (1, 3, 5, 10, 14). This is 
a cause of concern as many infected neonates were born from 
lightly colonized women, as showed in clinical studies (5). 

In the last decade, molecular techniques emerged as 
alternatives for the rapid and specific diagnostic of several 
infectious agents including GBS (8, 12). PCR-based 
approaches for GBS detection include direct amphfication or 
nested-PCR of 16S rRNA gene (18, 20, 40) and amplification 
using primers specifically designed for the GBS CAMP factor 
gene {cfb). Although efficient, these approaches are limited by 
the increased risk of carryover of nested PCR and the absence 
of CAMP factor in some GBS isolates. To overcome these 
problems, in the present study, we used species specific 
primers that amphfied part of the housekeeping atr gene of 
GBS. 

Experimental data showed that the use of a?r-primers for 
GBS screening resulted in a high sensitivity (100%) when 
compared with the values obtained by PCR amplification with 
other primers (8, 12, 27, 30). The PCR approach showed a 
specificity of just 82.6% in relation with the conventional 
culture method. However, the low specificity should be regard 



carefully as the formulae adopted considered the culture 
method as gold standard, but experimental data have shown 
that the conventional culture procedures are not sensitive 
enough to detect GBS in low charge samples. In fact, the lower 
specificity of PCR is due to its abiUty to detect GBS in samples 
where the culture method failed. When amplifications are 
performed after a short term culture of the specimens into 
selective enrichment broth, the a?r-primers showed high 
analytical specificity for GBS. The prevalence of positive 
results for GBS detection was considerable higher when 
assessed by the combined enrichment/PCR method than with 
the enrichment culture (35.9% versus 22.5%, respectively). 

The prevalence of 35,9% found in this work for GBS 
among pregnant women using the enrichment culture/PCR 
method is higher than previous results obtained in Brazil which 
varied between 15% and 26% (6, 7, 11, 22, 26, 35). This 
difference can be attributed to the highest sensibility of the 
method adopted in the present study. This enrichment/PCR 
method integrates high specificity, sensibility and allows the 
detection of GBS even in hghtly colonized patients. Moreover, 
the ampUcons obtained with the selected primers can be also 
used to perform epidemiologic studies by MLST approach. 
Considering the newborn contamination risk imposed by 
lightly colonized mothers, the high sensibility of PCR based 
approaches, in particular the proposed enrichment/PCR 
method, may contribute to the proper prophylaxis and 
consequent reduction of the neonate infectious diseases caused 
by GBS. 

In addition to its accuracy, the enrichment/PCR method is 
performed in a moderate time (24-36 hours) when compared to 
standard culture-based methods (48-72 hours), allowing to 
adopt the prophylactic protocols earlier and with better results. 
Moreover, the swabs can be analyzed by the combined 
enrichment/PCR method until 15 days after samples collection 
(data not shown), without any reduction in the accuracy. This 
fact may allow the screening of pregnant women from remote 
areas where there are not laboratory facihties. 
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In conclusion, the results demonstrated that the use of 
selective enrichment broth followed by PGR targeting the atr 
gene is an excellent test for GBS screening in pregnant women. 
This PGR methodology may provide a diagnostic tool for GBS 
detection, potentially allowing more accurate and effective 
intrapartum antibiotic prophylaxis and lower newborn 
mortality and morbidity. 
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